Using Shuttle Radar Topography Mission Elevation
Data to Map Mangrove Forest Height in the Caribbean
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- Mangrove Distribution
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Why Mangroves?
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o Biodiversity @® Forests Mangroves

o Habitats of 1300 species of animals

o 028 mammals, birds, reptiles, fish and amphibians
o Among the most productive ecosystems on earth

o 170k km? with mean 2.5g C m=2 per day (10t/ha/yr)
® Mangrove Sediment
Recycled

@® Export ot Ocean
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o Contributing 11% of global total export to ocean
o Annual accumulation of carbon in modern sediments 23X10/2g C yr-!

o Contributing 15% of carbon accumulation in modern sediments.
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Shuttle Radar Topography MlSSlOIl (SRTM)
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Radar Interferometer

60m boom

C and X band

11 days in February 2000.
80% Earth Land

Latitude 5685 to 60N

30m US and World 90m
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http ://www2.jpl.nasa.gov/srtm/
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SRTM Elevation data
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LIDAR Data
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o Optech 1233-infrared 1um

o First and last reflection method
(No Waveform)

o Nominal Altitude of 500m
o 360m swath
o May 13-15 2004

o [1.5m spacing with 13cm laser
footprint

o 15 cm elevation accuracy
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I 1dar Tansects
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Mapping Mangrove Forest Height in the Everglades National
Park (ENP) Using SRTM
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Marc Simard et al., “Mapping Height and Biomass of Mangrove Forests in Everglades National Park with SRTM Elevation Data”,
Photogrammetric Engineering and Remote Sensing, SRTM special issue, April 2006
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Mapping Biomass of Mangrove Forest in the Everglades
National Park (ENP) using SRTM
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Global storage of Carbon in Mangrove Biomass’ is (Twilley et al 1992): 4.03 x 105 grams
Current first-rate estimation of carbon storage in Mangroves in the ENP is: 2.52 x 10'2 grams (45%C DM)

Marc Simard et al., “Mapping Height and Biomass of Mangrove Forests in Everglades National Park with SRTM Elevation Data”,
Photogrammetric Engineering and Remote Sensing, SRTM special issue, April 2006




How to apply this
methodology worldwide?
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o Extrapolate results from other regions

e Use ICEsat data

e (ollect field data




ICEsat/GLAS

Geoscience Laser Altimeter System

e 172m spacing

e 64m footprint




ICEsat GLAS Waveform

Mangrove Forest

— Return Pulse (V)

— Gaussian Fit: Ground Echo
—— Gaussian Fit: Canopy Echo
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ICEsat Waveiorm:
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Tall mangrove waverorm Degraded mangrove waveform OCrub mangrove waverorm
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e Multiple Gaussians to fit ground, high and low canopies
e Compute waveform centroid

e Compute canopy waveform centroid







Site Statistics
Variable Plot Extrapolation

Data Site 1

Mean per Area

Mean

Crown Weigthed Mean
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Cienaga Grande de Santa Marta, Colombia
ed with ICEsat LIDAR Wave
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Cienaga Grande de Santa Marta, Colombia
Calibrated with ICEsat LIDAR \Wavelorms
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Gulf of Fonseca, Honduras
AIRSAR Coverage
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Shrimp Farming Development in Honduras

Shrimp Farming in the Southern Estimated total area of shrimp ponds:

Region of the Gulf of Fonseca
1985 = 845 ha

1999 = 15,580 ha

Granjas Marinas San Bernardo Shrimp Farm

(7,000 ha); Largest shrimp fa t If of
Fonseca. ‘TIQJ-

California Institute of Technology




AIRSAR Vegetation Height Estimate
(Ch1smuyo Gulf of Fonseca)

BTHUSOW BTN 874030

13°29'N
NBZaE L

13°2830"N
M.OE.BZoE L

"N 13°28'
NBZaE

13°27'30
N OCILZ.E L

°27'N

13°26'30"N
N.OE9ZeE L

13°26'N
ke
N9ZaE L

E
o
5]
0
&
o

MN.OE.EZoEL

N.SZoE L

B7°41°30"W  B7°41W  B7°AD'30MW 874G B7°39'30°W  87°30wW  BT3B30MW  87°3RW  B7°3730MW  87°37W  B7°3E3UUW  87°36W

JPL

Jet Propulsion Laboratory
California Institute of Technology




Conclusions
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SRTM provides a systematic tool to map mangrove height and
biomass

The method is simple and works well for mangrove forests.

I[CEsat shows great potential to calibrate SRTM data and
identify a variety of forest structures

Need to apply the method to other mangrove forests around the
globes

Need to derive a relation between ICEsat waveform and canopy
structure parameters

Quantify the Impact of Hurricanes on Mangrove Forest
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=l 2004 First Returns
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M -4, 953091375 - -2, 752808766
W -2 752805765 - -1, 420132136
N -1 4201532135 - -0.602526155
B -0.602526155 - -0,320000332
I -0, 329990532 - 0,215079520
I 0.215079520 - 1305221124
[ 1 305221125 - 2,.395362425
[ 2 395362429 - 3.485503732
[ 3.455503733 - 4575645035
[ 4, 575645036 - 5.665766339
[ 5 66578634 - 6, 755027643
[, 755027644 - 7546065947
[17 846065945 - 5.936210251
[15.936210252 - 10.02635155
[110.02635156 - 11.11649286
1111649287 - 11,93409554
[111.93409585 - 13.02424014
[115.02424015 - 14,11435144
[114.11435145 - 15,20452275
[115.20452276 - 16.02212875
[116.02212574 - 16.6397347
[[116.53973471 - 17.65734068
[ 1765734069 - 15.47494666
[ 18.47494667 - 19,20255264
[ 19.29255265 - 20,11015862
[T 20.11015863 - 20,92776459
I 20,9277646 - 2174537057
I 2174537058 - 22,83551188
I 2253551189 - 26,10593579
I 26.1059355 - 64,53341675
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Tree height histograms
<2004 and 2006

Elevation Histograms for
First Returns of Tile 1 (T1)

25 x 10"

2006

X axis: elevation (m, NAVD88)

Y axis: number of Lidar points 5




Ground height

Natural levee

Tidal creek

Ground Sample
Locations

2006 Filtered Last Returns
Yalue

W High : 1.702062 Vertical Datum is
NAVD 88

B Low : -0.626736




Conclusions

e What is the mean tree height?
o (Can we understand structure from LIDAR data?

e How to quantify the impact of hurricanes on
mangrove forests using active remote sensing?




